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THOMAS E. NEVINS and ALFRED F. MICHAEL
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Isolation of anionic sialoproteins from the rat glomerulus. The
epithelial glomerular polyanion (GPA) designates an array of
sialic acid-containing sites along the surface of the glomerular
epithelium which react with cationic dyes or probes. In this
work, sequential rat glomerular isolation, ultrasonic disruption,
trypsin digestion, ion-exchange chromatography, and prepara-
tive polyacrylamide gel electrophoresis have been used to isolate
anionic sialoglycoproteins from the glomerular epithelium. Be-
cause colloidal iron (CI) reactivity has been used to define the
GPA histologically, we used a modification of the CI reaction to
monitor and direct the isolation procedure. Three major fractions
have been recognized and isolated in homogeneity. Antibodies to
two of the fractions have been raised by immunization in rabbits.
Indirect immunofluorescent and peroxidase-antibody techniques
have localized both antigens to the glomerular visceral epitheli-
um of normal rat kidney. This identification and definition of
components of the GPA is valuable in delineating a role for GPA
in glomerular function.
Isolement de sialoprotéines anioniques a partir de glomerules du
rat. Le terme de polyanion glomerulaire (GPA) désigne un
ensemble de sites contenant de l'acide sialique, le long de Ia
surface de l'épithelium glomerulaire, qui réagissent avec des
colorants cationiques. Dans ce travail on a employe de facon
sequentielle pour des glomerules de rat l'isolement, Ia destruc-
tion par ultra-sons, Ia digestion trypsique, Ia chromatographie
par echange d'ions et l'electrophorese preparative en gel de
polyacrylamide pour isoler des sialoglycoproteines anioniques.
Du fait que Ia réactivite avec le fer colloidal (CI) a été utilisée
pour définir histologiquement le GPA, une modification de Ia
reaction avec CI a etc employee pour surveiller et diriger Ia
procedure d'isolement. Trois fractions majeures ont etc recon-
nues et isolées de facon homogéne. Des anticorps pour deux de
ces fractions ont été realises par I'immunisation de lapins. La
fluorescence indirecte et les techniques d'anticorps anti-peroxy-
dase ont localisé les deux antigènes au feuillet visceral de
l'epithelium glomerulaire du rein de rat normal. Cette identifica-
tion et cette definition des composants du GPA devraient être
utiles dans Ia delimitation du role du GPA dans Ia fonction
glomerulaire.
In 1969, a remarkable anionic cell coat was
demonstrated on the visceral glomerular epithelium
by reactivity with the cationic dyes, alcian blue and
colloidal iron [1—3]. This staining is abolished by
prior incubation of kidney sections with either
proteolytic enzymes or neuraminidase, demonstrat-
ing that the glomerular polyanion (GPA) is a sialo-
protein.
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Surface glycoproteins on cells have essential
roles in a number of complex cellular functions
including recognition, enzyme activity, membrane
transport, adherence, and phagocytosis [41. The
densely anionic staining of the GPA on the visceral
epithelial cell is not observed on either the parietal
glomerular or tubular epithelial cells, suggesting a
highly specialized function.
In certain experimental renal diseases, aminonu-
cleoside nephrotic syndrome [51, focal glomerular
sclerosis [6], autologous immune complex disease
[7], and nephrotoxic serum nephritis [8], a reduc-
tion in the intensity of staining for GPA is associat-
ed with proteinuria. Whether this loss of GPA is
directly responsible for the increased glomerular
permeability to protein or is a consequence of
epithelial cell injury or both is unknown. Further,
the GPA may play a role in maintaining the complex
podocytic structure of the epithelium where it abuts
the glomerular basement membrane (GBM) [91.
Recent experiments with neutral and charged
dextrans [10], as well as anionic and cationic pro-
teins [lii, have revealed a significant role for mo-
lecular charge in determining glomerular clearance
of macromolecules [12, 131. Anionic molecules reg-
ularly have lower filtration fractions than do more
cationic species of comparable size or molecular
weight. The precise physiologic basis for this
charge-selective permeability is unknown, but
could be a consequence of fixed anionic charges in
the capillary wall. In this regard, another array of
anions containing heparan sulfate has been detected
in the lamina rara interna and externa of the GBM
[14].
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We report the isolation and partial characteriza-
tion of proteolytic fractions of rat GPA and the
production of antibodies to two of these fractions.
These antibodies are reactive with the visceral
glomerular epithelium.
Method
Histology. Colloidal iron (CI) staining was per-
formed according to the method of Mowry [15].
Frozen sections of normal rat kidney were cut at 4-
im thickness, allowed to dry at 23° C for 15 mm,
and stained without prior fixation. Staining for 1
hour in CI solution (pH, 1.5) was followed by three
10-mm rinses in 30% acetic acid at a pH of 1.5 and a
final rinse in tap water. The Prussian blue reaction
product was developed by a 20-mm incubation in a
freshly prepared solution of 1% potassium ferro-
cyanide in 1% hydrochloric acid. Periodic acid
Schiff (PAS) was used as a counterstain.
CI reactivity of solutions, column fractions, and
eluates from polyacrylamide gels was assayed
qualitatively by air drying 10-ui samples on micro-
scope slides precoated with Mayer's albumin fix-
ative. These slides were then stained with CI as
indicated above, omitting the PAS counterstain.
Sodium heparin USP (Lipo-Hepin, lot 80741, Riker
Labs, Northridge, California) was used as a polyan-
ion control. The sensitivity of this simple method is
high and permitted detection of heparin sulfate in
the range of 10 to 100 ng per lO-pi sample.
Frozen sections (1 jim) of normal rat kidney were
cut following freeze substitution with acetone and
infiltration with diethylene glycol distearate accord-
ing to the technique of Taleporos [16].
Immunologic techniques. Antisera to the isolated
fractions of GPA were prepared in male New Zea-
land white rabbits. The three homogenous bands
used as antigens were prepared from 40 male
Sprague-Dawley rats and injected into the rabbits at
2-week intervals for 4 weeks. Each dose of antigen
was emulsified in an equal volume of complete
Freunds adjuvant prior to injection. The content of
sialic acid was I jig, 4 jig, and 0.2 jig in each dose of
band 1, 2, and 3, respectively. All animals were bled
prior to immunization and at 10 to 14 days following
each injection. Each serum sample was assayed for
glomerular epithelial staining on frozen sections of
normal rat kidney by indirect immunofluorescence.
Animals whose sera showed reactivity with the
glomerular epithelium were bled again, and these
sera samples were pooled individually and stored at
—20° C until further use. In absorption studies,
rabbit antiserum was first heated to 56° C for 30
mm, mixed with fresh rat red blood cells (ratio, I ml
packed cells to 4 ml of serum), incubated 1 hour at
23° C, and the antiserum was recovered by centrifu-
gation. Finally, the antiserum was stirred with
whole rat plasma (ratio, I ml of plasma to 10 ml of
antiserum) at 23° C for 1 hour, then held overnight
at 4° C and again cleared by centrifugation
(x 8,700g); any precipitated material was discard-
ed.
Specific blocking studies used approximately 2
mg of the specific lyophilized antigen, which was
mixed with the appropriate diluted antiserum at
23° C for 1 hour, held overnight at 4° C, and then
centrifuged (x 8,700g).
To carry out immunohistochemical studies that
would permit precise localization of GPA antibody,
we developed a dual-label technique. In this sys-
tem, the rat GBM was labeled in vivo with a
fluorescein isothiocyanate (FITC) -labeled anti-
body. Antibody to rat GBM was prepared by immu-
nizing a goat with isolated rat GBM [17]. The
immunoglobulin fraction from the goat serum was
isolated and conjugated to FITC. The FITC-labeled
lgG (5.2 mg; F/P weight ratio, 6.7 x l0-) was
injected i.v. into a 200-g male Sprague-Dawley rat,
20 mm later the rat was sacrificed, and portions of
kidney were snap frozen in isopentane precooled in
liquid nitrogen. Frozen sections (1 jim) cut from
this kidney served as a substrate for dual-label
immunofluorescence microscopy with the GBM
precisely delineated by FITC-antibody. The second
label, applied in vitro, used rabbit anti-GPA fol-
lowed by rhodamine conjugated to goat antirabbit
immunoglobulin. The immunofluorescence micros-
copy equipment and techniques used have been
described previously [18].
Immunoelectron microscopy. These techniques
and reagents have recently been described else-
where in detail [19]. Either 1% paraformaldehyde
with 0.05% glutaraldehyde (PG) in 0.08 M sodium
cacodylate buffer (SCB) at a pH of 7.4 or a modified
1% paraformaldehyde-lysine-periodate solution
was used as a fixative. After preliminary process-
ing, 30-jim sections of normal rat kidney were cut.
These sections were incubated 6 hours at 4° C in 0.2
ml of a 1:16 dilution of rabbit antiserum to rat GPA.
Sections were washed for 30 mm in two changes of
0.15 M sodium chloride containing 0.01 M sodium
phosphate at a pH of 7.45 (PBS), then incubated
overnight with the IgG fraction of goat anti-rabbit
IgG (0.23 mg/ml) conjugated to horseradish peroxi-
dase. This IgG fraction of goat antirabbit IgG was
isolated, conjugated to peroxidase, and fractionated
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as described [19]. The fraction used was shown to
be monospecific in double immunodiffusion and
was further characterized by absorbance at 280 nm
(0.945) and 403 nm (0.291), resulting in an estimated
molar ratio of horseradish peroxidase to IgG of 1.
Sections were then washed two times in PBS and
incubated for 30 mm in two changes of substrate; a
fresh saturated solution of 3,3'diamino-benzadine
(Sigma Chemical Co., St. Louis, Missouri) and
0.001% hydrogen peroxide in 0.05 M Tris (hydroxy-
methyl) aminomethane (Eastman Organic Chemi-
cals, Rochester, New York) at a pH of 7.6 [20].
Finally, sections were washed, embedded, and ex-
amined by transmission electron microscopy. Con-
trol sections included incubation with peroxidase-
goat antirabbit IgG, followed by the above process-
ing or incubation of sections in substrate only.
Polyacrylamide gel electrophoresis (PAGE). Gels
were prepared following standard techniques [21].
The composition of the gel, unless otherwise speci-
fied, was 5% acrylamide (T = 5.15% and C =
2.6%) according to the nomenclature of Hjerten
[22]. Bis-acrylamide was used as the bifunctional
reagent, and the ratio of bis-acrylamide to total
acrylamide was kept constant. The buffer system
was 0.1 M sodium phosphate at a pH of 7.4. Sodium
dodecyl sulfate (SDS-PAGE) was added at 0.1%
concentration to the buffer, as required, in experi-
ments to determine molecular weight. Standard
proteins for molecular weight determination includ-
ed bovine serum albumin, ovalbumin, human IgG,
and adolase. Discontinuous gradient gels were pre-
pared following the techniques of Doly and Petek
[23], with T ranging from 7.5% to 5% and with C
being maintained at 2.6%. All PAGE was performed
with 8 mA per gel and for a period of 5 to 11 hours.
The gels were stained with Coomassie blue R-250
(C.I. 42660), 0.25% in methyl alcohol, water, and
acetic acid (ratio 50:40:10), for I to 2 hours to detect
protein and then destained with methyl alcohol,
water, and acetic acid (ratio 2:35:3). PAS staining of
gels was done according to Glossman and Neville
[24]. Carbocyanine dye (4,5,4' ,5' ,-dibenzo-3 ,3
diethyl-9-methyl-thicarbocyanine bromide, East-
man Organic Chemicals, #2718, Rochester, New
York) was used as a reagent to detect anionic
molecules in the gels [25], and a modification of the
same technique was used to stain SDS-PAGE gels
[26]. Gels were rinsed briefly in 25% isopropyl
alcohol, stained overnight, then destained in 25%
isopropyl alcohol for an appropriate period before
measuring or photographing. Photography used a
25A prinz red filter to reduce background.
Reagents. Trypsin was pretreated with L-(tosyla-
mindo 2-phenyl) ethyl chloromethyl ketone to in-
hibit chymotrypsin activity (Lot 37N84 1—Worth-
ington Biochemicals, Freehold, New Jersey). Neur-
aminidase from Clostridium perfrin gins was
isolated by affinity column chromatography accord-
ing to the technique of Cuatrecasas and Illiano [27]
(type IX, Lot 126C85601, Sigma Chemical, St.
Louis, Missouri). Neuraminidase digestion was car-
ried out at a pH of 5.0 in 0.1 M sodium acetate buffer
at 37° C for 1 hour. The quantity of neuraminidase
used varied from 0.05 to 0.10 U per each sample
hydrolyzed. One unit of neuraminidase will liberate
1.0 moles of N-acetyl neuraminic acid per minute
from N-acetyl neuramin-lactose at a pH of 5.0 and
37° C. Absence of protease activity in the neur-
aminidase was documented by two methods. First,
no release of radiolabel could be demonstrated from
3H-glycine labeled rat GBM (specific activity
740,000 dpm/mg of protein) labeled in vitro and
isolated according to Hjelle et al [28]. Additionally,
a standard protease assay utilizing bovine hemoglo-
bin as a substrate [29] also failed to reveal any
protease activity even when the duration of incuba-
tion was extended sixfold. Both assays used 0.05 to
0.2 U of neuraminidase at a pH of 5.0, 37° C for I
hour.
Protein was determined by the method of Lowry
et al [30], modified according to Peterson [31].
Bovine serum albumin (Armour) was used as the
protein standard.
Sialic acid content was determined by the method
of Warren [32]; a micro modification reduced all
volumes in this assay to one fourth. All chemicals
used were reagent quality.
Isolation procedure. The isolation procedure is
schematically outlined in Fig. 1. The glomeruli from
male Sprague-Dawley rats (175 to 200 g) were
isolated following a modification of the sieving
technique of Krakower and Greenspon used in this
laboratory [17]. The isolated glomeruli were sus-
pended in PBS containing 0.02% sodium azide
chilled to 4° C and ultrasonically disrupted by six
30-second bursts with a Blackstone sonicator (mod-
el BP2, power supply SS-2).
The disrupted glomeruli were centrifuged at
x 1570g at 4° C to sediment large glomerular base-
ment membrane fragments, nuclei, and nondisrupt-
ed cells. The precipitate was discarded, and the pH
of the supernatant adjusted to 8.0 by the addition of
solid sodium phosphate. Crystalline trypsin pre-
treated with L-(tosylamindo 2-phenyl) ethyl chloro-
methyl ketone was then added in a ratio of 0.15 mg
Centrifuge (X 15709; 4° C; 15 mm)
Supernatant
Trypsin pH 8; 37° C; 18 hours)
Ultracentrifuge )X 132,5009; 40 C; 20 mm)
Pellet Supernatant
0 EAE
Colloidal iron
Reaction/\
Negaeive fractions Positive fractions
Fig. 1. Isolation schema for fractions of the gb-
merular polyanion.
(284 U/mg) of trypsin per rat kidney. The mixture
was incubated at 37° C for up to 24 hours. After 6
and 18 hours of incubation, the pH was readjusted
to 8.0, and more trypsin added as described above.
The suspension was centrifuged at >< l32,500g in a
Beckman ultracentrifuge (LS-65) at 4° C for 45 mm
to remove cellular fragments and membranes.
When dried on a microscope slide and stained with
CI, the supernatant from this centrifugation was
intensely positive. The supernatant was applied to a
DEAE (DE23, Whatman Inc., Clifton, New Jersey)
column equilibrated with PBS at a pH of 7.45.
Following application, the column was washed with
10 column volumes of PBS and eluted stepwise with
increasing concentrations of sodium chloride (0.2,
0.4, 0.6, 0.8, and 1.0 M) at a pH of 7.45. Fractions
were collected, and the effluent was monitored by
measuring the absorbance at 280 nm. At each step,
the elution was continued until the absorbance was
minimal (less than 0.010). Aliquots from each frac-
tion were assayed for CI reactivity and conductiv-
ity. CI positive fractions were dialyzed against
distilled water at 4° C, concentrated by lyophiliza-
tion, reconstituted in 0.1 M sodium phosphate buffer
(pH, 7.40) and subjected to discontinuous gradient
PAGE (7.5% to 5.5%). At the end of the electro-
phoresis, the gels were frozen at —70° C; a com-
panion gel was stained with the carbocyanine dye to
identify anionic bands. The frozen gels were then
thawed, and areas containing the bands were identi-
fied by comparison with the stained gel and were
E lotion of gel fractions/
Bands 1 2
selectively cut from the gels with a razor blade.
Comparable segments were pooled, and the gel was
finely divided and eluted with distilled water. The
eluates were separated from gel fragments by suc-
tion filtration on a fritted glass filter. Finally, these
eluates were dialyzed extensively against distilled
water, filtered on a 0.22-pm Millipore filter and
lyophilized.
Results
Rat glomeruli were isolated, disrupted by sonica-
tion, digested with trypsin, and subjected to ultra-
centrifugation as described in the Methods. When
the entire supernatant fraction from the ultracentri-
fugation was applied to a DEAE column, only the
fractions eluted with 0.4 M sodium chloride (con-
ductivity, 20 to 35 mSiemens) were strongly Cl
positive (Figs. 2 and 3), but they had minimal
absorbance at 280 nm. Subsequent eluates with
higher conductivity did not react with CI but
showed significant 280-nm absorbance. When the
CI positive fractions were subjected to PAGE,
three distinct major bands were identified with the
cationic carbocyanine dye, band 1 being closest to
the origin of the gel (cathode) and band 3 being
closest to the anode (Fig. 4). Staining of gels with
PAS confirmed the location of bands I and 2, but
band 3 could not be detected. Staining of gels with
Coomassie blue was entirely negative.
Discontinuous gradient PAGE resulted in im-
proved resolution and facilitated the separation and
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Isolate rat glomeruli
Sonic disruption
Pellet
Column (pH 74; 0145 M NaCI)
Elution-stepwise 10.145 to 1.0 M NaCI)
Preparative PAGE
3
Anionic sialoproteins from the rat glomerulus
Fig. 2. Typical elution profile from a DEAE column (1.3 cm x
3.7 cm) after application of the x 132,500g supernatant fraction
from a trvpsin digest of glomerular cell membranes. The column
was equilibrated with 0.15 M sodium chloride in 0.01 M sodium
phosphate (pH, 7.45). Elution proceeded stepwise with 0.2, 0.4,
0.6, 0.8, and 1.0 si sodium chloride (increases in eluting buffer
indicated by arrow, ). Fractions reactive with colloidal iron are
indicated by circled plus sign, ® . All other fractions were
nonreactive. Note the disjunction between absorbance at 280 nm
and the colloidal iron reactivity. When a supernatant fraction
containing 216 p.g of sialic acid was applied to a DEAE column,
the colloidal iron reactive fractions contained 63 1g of sialic acid
(29%).
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Fig. 3. A An example oft/ic sensitive reactivity of colloidal Iron
(CI) with a polvanion, heparin sulfate. A solution was diluted to
provide the indicated amount of heparin sulfate in each 10-1.1.1
sample and dried on a microscope slide prior to staining. Note
reactivity is clearly present at tOO ng. B CI reactivity of JO-p.l
samples from the fractions indicated in Fig. 2. L refers to
material loaded into the DEAE column, and 1 through 7 refer to
the respective column fractions. Note that only L, 5, 6, and 7 are
Cl-positive.
Fig. 5. The isolated anionic bands (band I provided the substrate
for gels 1—3, band 2 for gels 4—6, and band 3 for gels 7—9)
subjected to electrophoresis on 5% polvacrylamide following
incubation with neuraminidase, 0.05 U/sample (gels 2, 5, 8),
neuraminidase buffer alone (gels 1, 4, 7), and trypsin 14 U/
sample (gels 3, 6, 9). Note complete loss of carbocyanine
staining following the removal of sialic acid, contrasted with the
unaltered staining and nhigration of bands exposed to trypsin or
buffer alone. The hand found nearest the anode (+) is the
tracking dye (TD). The positions of bands 1. 2. and 3 are
indicated by arrows.
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Fig. 4. A A 5% polyacrylamide gel stained with carhocyanine dye
to demonstrate the three major anionic bands (1, 2, and 3). The
broad band nearest the anode (+) is the tracking dye (TD). B
Improved separation of the hands seen following elect rophoresis
on discontinuous gradient (7.5% to 5.5%) poh'acr'lamide gel.
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Table 1. Representative experiment for total sialic acid content
Source
Sialic acidag Percent of starting material Cib
Glomerular cell membranes (46
rats) 1160 100 +
DEAE-eluted fractions 256 22 +
Polyarcylamide-gel-eluted fractions 132 11.4 +
Band 1 29 2.5 -1-
Band 2 92 7.9 +
Band 3 10 0.8 +
Control geIc 0 0 —
a By the method of Warren [321
b CI is colloidal iron reactivi described in text.
Eluates were prepared fr .iperimental gel slices, which do not stain with carbocyanine dye.
recovery of individual bands from the gels. Repeat
PAGE of isolated bands demonstrated that each
was homogeneous. Staining with the cationic carbo-
cyanine dye in acrylamide gel was directly depen-
dent on the sialic acid content of the bands, because
incubation of the individual bands with neuramini-
dase prior to PAGE resulted in complete loss of
reactivity (Fig. 5). Additionally, the staining of all
three bands was abrogated if prior to PAGE the
samples were subjected to acid hydrolysis (0.1 N
sulfuric acid at 800 C for 1 hour), a technique known
to remove sialic acid from macromolecules [32j. At
the same time, further exposure to trypsin did not
alter either the staining or the relative mobility of
the bands. Similarly, the bands eluted from prepara-
tive discontinuous gradient gels reacted with CI
when d''4 '' 'ained; the staining was also abol-
ished by incubation with neuraminidase. Identical
extracts from gels containing no sialoprotein were
CI unreactive.
In a representative experiment, 46 rats were
sacrificed, and the total sialic acid content of the
glomerular membrane preparation following cen-
trifugation at x1570g but before trypsin digestion
was 1160 pg (Table 1). Earlier experiments had
indicated that trypsin releases approximately 50 to
60% of the total bound sialic acid. The colloidal-
iron-positive fractions eluted from the ion exchange
column contained 256 pg of sialic acid (22% of
initial sialic acid). When 224 pg of sialic acid
containing material was loaded on preparative
PAGE, 132 i.g (11% of initial sialic acid) was
recovered. In this experiment, band 2 accounted for
70% of the total sialic acid recovered (92.2 g). In a
subsequent experiment, quantitative sialic acid and
protein were determined for the three bands. Band
1 revealed a ratio of 3.2 pg of sialic acid to 8.2 g of
Folin protein, band 2 yielded a ratio of 24.9 .tg to
11.2 .tg, and band 3, 1.7 g to 20.7 Due to the
miniscule quantities available, accurate dry weights
could not be obtained. Although aqueous extracts
of polyacrylamide gels do not produce a chromagen
in the Warren sialic acid assay, technical problems
in determining Folin protein equivalents in glyco-
proteins extracted from polyacrylamide gels 33, 34]
raise a question about the precise amount of protein
present in the individual bands. Examination of the
stained gels confirms, however, the conclusion that
band 2 is the most highly substituted with sialic acid
as well as the major contributor of sialic acid to the
isolated material.
The individual glycoprotein bands were electro-
phoresed on 0.1% SDS-polyacrylamide gels of
varying concentration. In this system, the bands
migrated anomalously, with band 2 (Rf, 0.43)' mi-
grating ahead of albumin dimer standard (moE wt,
136,000 daltons; Rf, 0.40) and band 1 (Rf, 0.35)
migrating behind the albumin dimer on a 5% acryla-
mide gels. On 10% PAGE, both bands 1 (Rf, 0.17)
and 2 (Rf, 0.27) migrated more rapidly than the
albumin dimer (Rf, 0.12). This behavior led to a
series of molecular weight estimates for each band
that varied inversely with the concentration of
acrylamide. Resulting estimates of relative mol wt
for band I were 147,000, 135,000, and 127,000
daltons, and those of band 2 were 125,000, 102,000,
and 97,000 daltons on 5%, 7.5%, and 10% gels,
respectively. Values for band 3 were not obtained.
Antisera to fractions 2 and 3 were produced in
rabbits. By immunofluorescence microscopy, both
antisera stained the glomerular epithelial cells of
normal rat kidney; similar staining was not ob-
served when preimmunization sera samples were
used. Prior absorption of either antiserum with rat
erythrocytes and plasma did not reduce the epithe-
hal staining. Absorption with the specific lyophi-
lized antigen inhibited staining, but three sequential
absorptions were required for complete inhibition.
Rf is relative migration.
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Fig. 6. A Fluorescence photo,,icrograph of a normal rat glomer-
ulus in a 1-p.m frozen section, stained indirectly with rabbit
antiserum to band 2 and FITC-labeled goat antirabbit IgG. The
negative capillary lumen (*) is surrounded by positive staining,
which is seen exclusively on the epithelium (small arrows)
adjacent to the GBM. Negative mesangial zones are indicated by
large arrows. B Simultaneous phase microscopy of the same
glomerulus demonstrating that the epithelial immunofluores-
cence (arrows) is clearly distinct from the nonreactive GBM
(x680). C Light photomicrograph of a 1-p.m companion section
of the glomerulus in view A stained with Cl. Note the dense
staining of the epithelium (arrows) and the similarity of CI to the
fluorescent staining depicted in view A (x 630).
No antibody was demonstrable in the sera samples
of rabbits immunized with band 1. By phase-flu-
orescence microscopy, the epithelial staining was
sharply limited by the GBM; but the GBM itself was
unstained. Prior incubation of tissue sections with
trypsin (pH, 8.0; 37° C) for 15 mm resulted in
complete loss of glomerular staining with both
antisera. A similar pretreatment with neuramini-
dase (pH, 5.0; 37° C) did not reduce the epithelial
staining. The epithelial staining demonstrated close
qualitative correlation with the CI staining of com-
panion 1-p.m frozen sections (Fig. 6). This epithelial
localization was further confirmed by dual-label
antibody studies. In these studies, normal rat kid-
ney labeled in vivo with FITC-anti-rat GBM anti-
body served as a substrate. An appropriate optical
system permitted sequential comparison of the an-
tirat GPA and antirat GBM in the same glomerulus,
and the locations of each antibody were distinctly
separable (Fig. 7).
Immunoelectron microscopy of normal rat kid-
ney with the antisera to bands 2 and 3 revealed
intense staining of visceral epithelial cells in the
glomerulus. This specific staining of the epithelium
was markedly increased over the background stain-
ing seen in control tissue sections. The staining was
most intense over the plasma membrane of these
cells, both as it covers the main cell body and as it
extends to the foot processes (Fig. 8A). At higher
resolution, rows of irregularly spaced dense gran-
ules of reaction product were seen along the outer
aspect of the cell plasma membrane (Fig. 8B). The
cut surfaces of vesicles, vacuoles, and ribosomes
were less intensely stained, and unstained mito-
chondria were occasionally recognized within the
cytoplasm. Mesangial cells and matrix were uni-
formly negative.
The stained foot processes contrasted sharply
with the negative (iBM. Fine, widely dispersed,
low-density granules seen at higher magnification in
the GBM were identical in both experimental and
control tissue sections. Focal and less intense stain-
ing of occasional endothelial cells was noted. The
results were similar for tissue prepared in either
fixative, except that cell membranes were better
preserved in the GP fixative. Both antisera stained
comparable loci. At the same dilution, however,
antiserum to band 3 stained the epithelium in a less
intense and more focal pattern. Additionally, band 3
antiserum stained the endothelium more consistent-
ly than did antiserum to band 2.
All control sections were negative except for the
intense staining of red blood cells or their mem-
branes, occasional tubular lysosomes, occasional
0.
. 
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Fig. 7 A Fluorescence photomicrograph of a glomerulus in a 1-
pm frozen section from the kidney of a normal rat sacrtflced
after the injection of FITC-labeled goat antirat GBM antibody.
Note the delicate linear staining which sharply defines the GBM
surrounding the capillary lumen (*)• The arrows point to epithe-
hat regions that are unstained by the antibody. (x 1000). B
Indirect fluorescence photomicro graph of the same glomerulus
shown in view A, stained with rabbit antiserum to band 2
followed by rhodamine-labeled goat anti-rabbit IgG. Note the
epithelial staining (arrows) precisely follows the outer aspect of
the GBM (x 1000).
linear arrays of reaction product on the basilar
infolding membranes of distal and proximal tubules,
and focal staining of the brush border of proximal
tubules.
Discussion
Histochemical studies with specific enzyme di-
gestion techniques have led to the characterization
of the rat GPA as a sialoglycoprotein. We report the
isolation and characterization of three sialoprotein
fractions from rat glomeruli that were isolated se-
quentially by limited proteolysis of a crude glomer-
ular cell membrane preparation, ion-exchange chro-
matography, and preparative acrylamide gel elec-
trophoresis. Because we use a fraction containing
both the cytosol and cell membranes derived from
all the cells contained in our isolated glomeruli,
trypsin digestion will produce a heterogeneous mix-
ture of peptides. The subsequent isolation proce-
dures were selected to exploit the expected pre-
dominence of epithelial sialopeptide(s) in the prep-
aration, the characteristic anionic charge of sialo-
peptides, and the precise resolution available in
PAGE.
To monitor and guide the isolation procedure, we
adapted the CI staining technique for use on eluates
and column fractions. This stain depends on the
binding of cationic colloidal iron hydroxide to an-
ionic sites. After appropriate rinsing, the bound iron
is precipitated in situ as an insoluble Prussian blue
reaction product with acid potassium ferrocyanide.
The sensitivity of this technique is illustrated by the
ability to detect nanogram quantities of heparin
sulfate. Thus, we were able to trace the isolation of
anionic macromolecules which were reactive with
CI.
Because the CI reaction is unsuited to detecting
polyanions in acrylamide gels, we used the carbo-
cyanine dye technique. This staining reaction was
more sensitive in detecting our anionic sialic acid-
containing glycoproteins than were either the PAS
or Coomassie blue stains. A similar observation has
been reported by others 25I. After elution of the
sialoproteins from the gel slices, CI reactivity could
again be demonstrated, and this reactivity was
shown to depend entirely on sialic acid residues,
because removal of sialic acid with neuroaminidase
ablated the staining reaction. The lack of reactivity
of bands with Coomassie blue may reflect the
minute quantity of protein present in the gel.
The isolated sialopeptides are derived from the
GPA. Evidence in support of this conclusion de-
rives from four souces: (1) the fractions were gener-
ated by trypsin, which is known to release GPA in
tissue sections, (2) significant quantities of sialic
acid are present in both GPA and the isolated
bands, (3) bands are anionic and retain their typical
CI reactivity throughout isolation, and (4) specific
antibodies to two bands (2 and 3) localize to the
glomerular epithelial cell surface.
The absolute yield from isolated glomeruli is
relatively low. All the sialoproteins isolated account
for only 11% of the total sialic acid initially mea-
sured in the supernatant from the x 1570g prepara-
tion. Because of the low yield, we have not been
able to determine the precise composition of these
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Fig. 8. A Immunoelectron micrograph of a portion of 040 capillary loops from a section qf normal rat kidney processed a'ith rabbi!
antibody to glomerular polyanion (band 2) and peroxidase-labeled goat anti-rabbit IgG. Note the uniform dense staining of the
glomerular epithelium (Ep). At this magnification, accentuated granular staining of the epithelial cell membranes is evident (arrows), but
the glomerular basement membrane (GBM) and endothelium (En) appear to be unstained. An asterisk (*) marks the capillary lumen
(x 6100). B Higher magnification of the area enclosed in dashed lines in ciew A. Note the accentuated granular staining (arrow heads) of
the surface of the epithelial foot processes (fp). The base of the foot processes at the GBM interface is accentuated by fine granules
similar in size to those seen over the epithelial cytoplasm (arrows). The GBM is covered by a diffuse pattern of low density fine granules.
The endothelium is focally labeled by coarser granules. (Fixation, 1% paraformaldehyde and 0.05% glutaraldehyde; magnification,
x 48,600)
three fractions. Band 2, however, contributes the
majority of the sialic acid recovered (about 70%)
and has the highest sialic acid to protein weight
ratio (greater than 2:1) of the three bands.
The three fractions differ in apparent molecular
size by PAGE. Attempts to obtain reliable determi-
nations of molecular weight by SDS-PAGE have
given ambiguous results. The ambiguity probably
arises from the known anomalous migration of
many glycoproteins and particularly sialoproteins in
SDS-PAGE when compared with globular protein
standards. Anomalous migration is likely related to
decreased molecular binding of detergent [35, 361,
with resultant nonuniform molecular charge or a
nonglobular molecular configuration. In SDS-
PAGE, however, our isolated fractions continue to
migrate as single bands in various gel concentra-
tions, and this observation supports but does not
prove our assumption that the fractions arc homo-
geneous.
Other workers have described additional anionic
components in the GBM [37, 38J these charged
molecules are apparently gI ycosaminogl ycans and
insensitive to neuraminidase digestion [141. It is
unlikely that we have isolated this material or that it
represents a significant contaminant.
The GBM contains sialic acid residues [391. In
our isolation, to minimize GBM contamination, the
glomerular cell membranes and GBM are separated
by centrifugation before exposing the preparation to
trypsin. Immunofluorescence microscopy supple-
mented by phase microscopy clearly separated the
epithelial site of antibody reactivity from the GBM.
Further, ultrastructural studies with immunoelec-
tron microscopy confirms that the antibodies react
with the epithelial surface and not the GBM. This
latter observation is of special significance, for
workers in this laboratory [401 and others [41, 421
have chosen to use the GBM as a model antigen(s)
in the immunoelectron microscopy system.
Finally, because it is known that serum proteins
may be present in the GBM and that many serum
proteins contain sialic acid, the possibility must be
considered that the isolated fractions represent se-
rum contaminants. In this regard, the antibody
studies are again essential because prior absorption
of the antisera with both whole rat plasma and rat
red cells had no effect on the glomerular epithelial
staining.
At this time, our studies do not provide enough
information to define the precise relationship of the
isolated fractions to the GPA. The three fractions
Y it. , '
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may be derived from one or more "parent" mole-
cules on the epithelial surface. Moreover, it is not
clear if our fractions are representative of the GPA
as a whole, or merely a subgroup of sialopeptide
residues selected by the isolation procedures. It is
not even known at the present time if "native"
GPA includes glycolipids or to what extent glycolip-
ids may contribute to the anionic cell surface.
The effect of molecular charge on the glomerular
permeability of substances seems evident. The
mechanisms by which this effect is mediated are
unknown. Although anionic charge sites are present
on the endothelial cell surface, the GBM, and the
epithelial cell surface, the greatest density of colloi-
dal iron binding is found on the epithelial cell
surface. These latter sites are, however, also the
most distant from the capillary lumen. The relative
contribution to the regulation of permeability by all
the charged sites in the glomerular filter awaits
further delineation.
The isolation of individual components of the
glomerular capillary wall and antibodies to these
components are tools for such investigations.
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